In the simple, 302-cell nervous system of the soil nematode C. elegans, genetic selection for toxin-resistance was used to isolate mutants with specific defects in synaptic neurotransmission, making it possible to characterize already-known molecules and to identify new components of the machinery required for the release of synaptic vesicles.
In the past few years, there has been considerable an animal could acquire genetic (ie mutation) resistance to such toxin: (a) a defect in postsynaptic acetylscientific interest in the use of the soil nematode Caenorhabditis elegans as a model organism in such choline receptors, or in a signaling molecule immediately downstream from the receptor would decrease diverse fields as embryogenesis, oncogene function, sex determination, axon guidance, collagen structure the response of the postsynaptic cell to the excess acetylcholine; (b) a defect in the synthesis, packaging, or and function, and aging. The traditional development of such fields in C. elegans has started with the isovesicular release of acetylcholine would mean that there would be less transmitter released into the synaplation of genetic mutants, followed by genetic and molecular analysis of the genes involved and then tic cleft in the first place; and (c) an alteration in the structure of the cholinesterase active site might make (depending on the particular bit of biology under study) cellular and/or developmental and/or the enzyme itself resistant to the inhibitor. Of these three possibilities, the first two could be accomplished behavioral analysis.
This general paradigm is now being employed to isoby any type of mutation which lowers or eliminates the function of a gene, while the last possibility would late and characterize mutants with functional defects in synaptic transmission. Novices to this field may be require a quite specific alteration of the cholinesterase active site; or, in the jargon of geneticists, categories (a) surprised to learn that although the C. elegans nervous system has only 302 neurons, the molecular basis of and (b) would involve (comparatively common) lossof-function mutations, while category (c) would synaptic transmission is virtually identical in nematodes and mammals. Even so, they may wonder why require a (quite rare) gain-of-function mutation. We define resistance operationally as the ability to and how we would look for such mutants at all, or what use they might be, and finally, even if one were grow and reproduce in the presence of the toxin. This makes the isolation of toxin-resistant mutants quite going to look for synaptic transmission mutants, why not do it in mammals? straightforward, and it can be done on a large scale.
3 Accordingly, in the last few years, we have isolated Answers to these questions are now emerging, based on research in our laboratory as well as several others.
more than 500 such mutants resistant to aldocarb, using several different mutagenesis protocols, and we Our most recent publication 1 describes a general strategy for the isolation and analysis of such mutants. This have begun the genetic and phenotypic analysis of this collection of mutants. A previous report from our labis an extension of previous work from our laboratory, 2 and involves the analysis of a large collection of C. eleoratory 2 identified 20 genes which, when mutated, could confer such resistance. Many of these genes have gans mutants isolated on the basis of their resistance to the acetylcholinesterase inhibitor, aldicarb.
unc or ric designations-the distinctions between them are largely historical. The unc mutants were originally We assume that the toxic effects associated with cholinesterase inhibitors are not due to the inhibition isolated on the basis of their uncoordinated behavior, and were subsequently shown to be drug-resistant. The of the cholinesterase per se, but rather to the resulting accumulation of unhydrolyzed acetylcholine. This ric mutants were isolated as being resistant to inhibitors of cholinesterase, although most of them are also large excess of neurotransmitter within the synaptic cleft would then lead to a pathological overstimulation somewhat uncoordinated. The present study identifies an additional seven aldof postsynaptic elements (neurons and/or muscles). Thus, one can imagine several mechanisms by which icarb-resistance genes, and provides a strategy for analyzing the focus of action of each of the gene products. Thus, one of the ways to distinguish between a postsynaptic and a presynaptic site of action (ie possi- Perhaps the most important contribution of this Obviously, the criterion of drug-resistant growth means that mutations leading to lethality are not recoapproach has been the identification of novel genes. In fact, many of these genes are no longer 'novel'-mamvered, and since one might assume that most aspects of synaptic transmission would be essential for neural malian homologs have recently been identified, often using the C. elegans genes as probes. These include the function and thus viability, it might seem surprising that so many genes are identified. There seem to be two unc-13, unc-17, and unc-18 genes. The unc-13 gene encodes a novel type of phorbol ester-and diacyl glyexplanations for these results. First, it turns out that a surprisingly large number of these genes are not essencerol-binding protein involved in synaptic transmission; 12, 13 three mammalian homologs, termed tial for survival, ie null mutants are viable. By contrast, mutations in comparable genes in Drosophila and munc13s, were described in 1995. 14 The unc-17 gene encodes the synaptic vesicle acetylcholine transporter mouse often lead to lethality (eg synaptotagmin).
4-6 We consider it unlikely (although possible) that these dif-(VAChT); 15 the C. elegans gene was used to isolate vertebrate VAChT genes. 16, 17 Mammalian homologs of the ferences reflect differences in the function of the homologous proteins in their respective organisms. Rather, unc-18 gene have been shown to interact with the presynaptic protein syntaxin. [18] [19] [20] we favor the interpretation that many of these components are equally important, but not absolutely essenIt is likely that, as additional members of this gene collection are cloned, they will contribute new insights tial, for synaptic transmission in all of these organisms. However, C. elegans, which exists as a self-fertilizing to our understanding of the mechanism and regulation of synaptic transmission. hermaphrodite, is able to survive even with its neuronal function severely (but not totally) compromised, whereas Drosophila and mice, with a far greater need JB Rand for neuronal function for feeding and reproduction, are 
